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(7) ABSTRACT

In a surface-mounting-type electronic-circuit unit, circuit
elements, including capacitors, resistors, and inductive
devices, and electrically conductive patterns connected to
the circuit elements are formed on an alumina board as thin
films. Semiconductor bare chips for a diode and a transistor
are wire-bonded to connection lands in electrically conduc-
tive patterns. And end-face electrodes connected to ground-
ing electrodes, input electrodes, and output electrodes of
electrically conductive patterns are formed at side faces of
the alumina board.

8 Claims, 8 Drawing Sheets
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COMPACT, SURFACE-MOUNTING-TYPE,
ELECTRONIC-CIRCUIT UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to surface-mounting-type
electronic-circuit units.

2. Description of the Related Art

Surface-mounting-type electronic-circuit units are gener-
ally structured such that chip components such as resistors
and capacitors, and semiconductor components such as
transistors, are soldered to the soldered lands of electrically
conductive patterns formed on a board. These circuit com-
ponents are then typically covered with a shielding cover.
End-face electrodes are provided at the side face of the
board. The end-face electrodes are soldered to the soldered
lands of a motherboard so as to surface-mount the
electronic-circuit units on to the motherboard.

Such a board is obtained by dividing a large printed circuit
board along a series of lattice-shaped division lines. The
division lines are formed by a great number of through holes
made in the large printed circuit board, and a plating layer,
which serves as the end-face electrodes, is formed on each
through hole. The large printed circuit board is then divided
along division lines (which pass through the centers of the
through holes). The end-face electrodes are formed at a side
face of each printed circuit board generated by the division.

The technology for making compact circuit components,
such as chip components and semiconductor components,
has developed remarkably in recent years. For example, very
compact chip resistors and chip capacitors having external
dimensions of about 0.6 mm by 0.3 mm have recently
become commercially available. When such very compact
circuit components are mounted on a printed circuit board in
a conventional electronic-circuit unit, as described above,
with the distances between components being reduced to a
minimum, the electronic-circuit unit can be made compact
to some extent. However, there is a limitation for making
circuit components more compact. In addition, when a great
number of circuit components are mounted on a printed
circuit board, short-circuiting of the soldered portions of the
circuit components needs to be prevented. Therefore, there
is also a limitation for reducing the distances between the
components. These limitations prevent the size of the
electronic-circuit units from being reduced further. In
addition, since the end-face electrodes are formed by
through holes, the limited mounting space on the printed
circuit board is narrowed by the end-face electrodes. This
also prevents the electronic-circuit units from being made
more compact.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the above conventional technology. Accordingly, it is an
object of the present invention to provide a compact,
surface-mounting-type electronic-circuit unit, which over-
comes the limitations of the conventional technology.

The foregoing object is achieved in one aspect of the
present invention through the provision of an electronic-
circuit unit including an alumina board; circuit elements
including a capacitor, a resistor, and an inductive device,
each formed as thin films on the alumina board; an electri-
cally conductive pattern connected to a circuit element and
formed as a thin film on the alumina board; a semiconductor
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bare chip mounted on the alumina board; and an end-face
electrode connected to the electrically conductive pattern
and formed on a side face of the alumina board, wherein the
semiconductor bare chip is wire-bonded to the electrically
conductive pattern.

The end-face electrode connected to the electrically con-
ductive pattern may be formed as a thick film on a side face
of the alumina board by the use of a low-temperature baked
material.

With the above structure, since the circuit elements
(including the capacitor, the resistor, and the inductive
device) are formed with high precisely by using a thin-film
technology, and the semiconductor bare chip is wire-bonded
to form a semiconductor device, the required circuit com-
ponents can be mounted on the alumina board in a high-
density configuration to form a compact surface-mounting-
type electronic-circuit unit.

It is preferred that Cu layers be formed on surfaces of the
capacitor and the inductive device. This increases Q in a
resonant circuit.

Since the end-face electrode is formed as a thick film by
using a low-temperature baked material, it has a desired film
thickness and is formed efficiently in terms of space. The
circuit elements, which are formed as thin films; are pre-
vented from being burned out during the baking process for
the formation of the end-face electrode.

It is preferred that an Au plating layer be formed on the
end-face electrode, which is formed as a thick film. This
prevents Ag in the low-temperature baked material from
depositing in solder (namely, prevents a silver-being-eaten
phenomenon) when the end-face electrode is soldered to the
soldered land of a motherboard.

It is preferred that the end-face electrode be formed as a
thick film only at each of the two opposing sides of the
alumina board. After a large printed circuit board is divided
into strip-shaped pieces having a great number of alumina
boards, end-face electrodes can then be formed as thick films
on the side faces of the strip-shaped piece prior to dividing
the strip-shaped piece into separate boards. This procedure
is well suited to mass production.

The foregoing object is achieved in another aspect of the
present invention through the provision of an electronic-
circuit unit having circuit elements, including a capacitor, a
resistor, and an inductive device, formed as thin films on an
alumina board having a rectangular, plane shape; a semi-
conductor bare chip wire-bonded on the alumina board;
grounding electrodes formed at the ends of two opposing
side faces of the alumina board; and an input electrode and
an output electrode formed away from the ends.

Since grounding electrodes are formed at the ends of two
opposing side faces of the alumina board, and the input
electrode and the output electrode are formed away from the
ends, even when various adjustments and inspections are
performed during a semi-production condition (namely, in a
strip-shaped-piece condition) in which a great number of
connected alumina boards are obtained by sub-dividing a
large printed circuit board, the grounding electrodes elimi-
nate adverse effects on the circuits of adjacent alumina
boards.

It is preferred that a shielding cover be mounted to the
alumina board so as to cover the circuit elements and the
semiconductor bare chip, and that the shielding cover be
soldered to the grounding electrodes. This increases a shield-
ing effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an electronic-circuit unit
according to an embodiment of the present invention.
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FIG. 2 is a plan of an alumina board, showing a circuit
layout, according to an embodiment of the present invention.

FIG. 3 is a bottom view of the alumina board shown in
FIG. 2.

FIG. 4 is a view showing the circuit configuration for the
circuit layout shown in FIG. 2.

FIG. 5 is a perspective view of end-face electrodes of the
alumina board shown in FIG. 2.

FIG. 6 is a cross-sectional view of the end-face electrode
shown in FIG. 5.

FIG. 7A and FIG. 7B are views showing relationships
between a semiconductor bare chip and a connection land.

FIG. 8A to FIG. 8] are views showing steps in the
manufacturing process of an electronic-circuit unit accord-
ing to an embodiment of the present invention.

FIG. 9 is a view showing another circuit configuration.

FIG. 10 is a plan of an alumina board having a circuit
layout in accordance with the circuit configuration shown in
FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment of the present invention will be
described below by referring to the drawings, wherein: FIG.
1 is a perspective view of an electronic-circuit unit; FIG. 2
is a plan of an alumina board, showing a circuit layout; FIG.
3 is a bottom view of the alumina board; FIG. 4 is a circuit
diagram; FIG. § is a perspective view of end-face electrodes;
FIG. 6 is a cross-sectional view of an end-face electrode;
FIG. 7A and FIG. 7B are views showing relationships
between a semiconductor bare chip and a connecting land;
and FIG. 8A to FIG. 8] are views showing the manufacturing
processes of the electronic-circuit unit.

The present invention is described in connection with a
frequency-tuning-type booster amplifier. The frequency-
tuning-type booster amplifier is used together with an UHF
tuner (not shown) in order to improve the receiving perfor-
mance (especially, receiving sensitivity and disturbance-
resistance characteristics) of a portable TV set, and has a
function for selecting the TV signal having a desired
frequency, for amplifying the selected TV signal, and for
inputting it into the UHF tuner.

FIG. 1 shows the appearance of the frequency-tuning-type
booster amplifier (electronic-circuit unit). As shown in the
figure, the frequency-tuning-type booster amplifier is
formed of an alumina board 1 on which circuit elements,
described later, are mounted, and a shielding cover 2
mounted on the alumina board 1; and serves as an surface-
mounting-type component to be soldered on to a mother-
board (not shown). The alumina board 1 has a rectangular,
plane shape, and is obtained by sub-dividing a large printed
circuit board into strip-shaped pieces, and then further
dividing the strip-shaped piece into separate boards. The
shielding cover 2 is made by bending a metal plate in to a
box shape. The circuit elements mounted on the alumina
board 1 are covered by the shielding cover 2.

As shown in FIG. 2, the circuit elements and electrically
conductive patterns for connecting them are provided on a
surface of the alumina board 1. In addition, as shown in FIG.
3, electrically conductive patterns serving as rear electrodes
are also formed on a rear surface of the alumina board 1. The
frequency-tuning-type booster amplifier according to the
present embodiment has a tuning circuit and an amplifier
circuit for selecting and amplifying a TV signal, and
includes the circuit structure shown in FIG. 4. The symbols
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used in the circuit diagram of FIG. 4 are also used to show
the corresponding circuit elements in FIG. 2.

It should be understood that FIG. 4 merely shows an
example circuit structure. The present invention can also be
applied to electronic-circuit units having other circuit struc-
tures.

As shown in FIG. 4, the frequency-tuning-type booster
amplifier includes capacitors C1 to C7, resistors R1 to R3,
inductive devices L1 to L3, a diode D1, a transistor Trl, and
electrically conductive paths S1 and S2, all of which serve
as components of the tuning circuit and the amplifier circuit.
These components, and the electrically conductive patterns
which connect the components, are disposed on a surface of
the alumina board 1. The electrically conductive patterns are
made, for example, from Cr or Cu formed by using a
thin-film technology, such as sputtering, and are illustrated
in FIG. 2 by hatching and the symbol P.

The circuit structure of the frequency-tuning-type booster
amplifier will be briefly described below. To select and
amplify the TV signal having a desired frequency, the
booster amplifier is formed of the tuning circuit having the
inductive devices 1.2 and 1.3, the capacitors C3 and C4, and
the diode D1. The amplifier circuit is formed of the transistor
Trl, its surrounding circuit devices (the resistors R1 to R3,
and the capacitor C6), and a unbalance/balance transforming
device T. TV signals having a plurality of frequencies are
input into the tuning circuit through the capacitor C1. Since
the tuning frequency (resonant frequency) of the tuning
circuit is changed by controlling a voltage (Vctl) applied to
the cathode of the diode D1, when the tuning frequency is
made equal to the frequency of a desired TV signal, only the
desired TV signal is selected and is input into the base of the
transistor Trl of the amplifier circuit through the capacitor
C5. A bias voltage is applied to the base of the transistor Trl
by base-bias voltage-dividing resistors R1 and R2. The
collector current (which nearly equals the emitter current) of
the transistor Tr1 is specified by the resistance of the emitter
resistor R3. The TV signal amplified by the transistor Tr1 is
output from the collector. The collector is connected to the
unbalance/balance transforming device T. The unbalance/
balance transforming device T is an inductive device formed
of a pair of electrically conductive paths S1 and S2 coupled
with each other. A balanced TV signal is output across both
ends of the electrically conductive path S2, and input into
the UHF tuner.

As shown in FIG. 2, grounding electrodes (GND), input
electrodes (Vce, Vetl, RFin), and output electrodes (RFout)
are formed at end portions of the alumina board 1. These
electrodes are part of the electrically conductive patterns P.
The grounding electrodes, the input electrodes, and the
output electrodes are formed along the two long opposing
sides of the rectangular-shaped alumina board 1. No elec-
trode is formed at the two opposing short sides of the
alumina board 1. More specifically, GND electrodes are
formed at both ends (corners) of one long side of the alumina
board 1, and a Vcce electrode, an RFin electrode, and a Vetl
electrode are formed between the GND electrodes. GND
electrodes are also formed at three locations, both ends and
a portion close to one of the ends, along the other long side
of the alumina board 1, and two RFout electrodes are formed
between these GND electrodes. As will be described later,
the two long sides of the alumina board 1 correspond to
division lines along which the large printed circuit board is
sub-divided into strip-shaped pieces, and the two short sides
of the alumina board 1 correspond to division lines along
which a strip-shaped piece is further divided into separate
boards.
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As shown in FIG. 3, electrically conductive patterns P1
(rear-surface electrodes) are formed on the rear surface of
the alumina board 1, and are placed so as to be opposite the
grounding electrodes (GND), the input electrodes (Vc,
Vetl, RFin), and the output electrodes (RFout). The patterns
and the electrodes are electrically connected through end-
face electrodes 3 as shown in FIG. 5 and FIG. 6. The
end-face electrodes 3 are formed by sequentially laminating
an Ag thick-film layer, an N1 underplating layer, and an Au
plating layer in that order. The lowest layer, the Ag thick-
film layer, is made from a low-temperature baked material
produced by forming a thick film of Ag, paste not including
a glass component, and by then baking the paste at about
200° C. The intermediate layer, the Ni underplating layer,
facilitates the application of the Au plating layer. The highest
layer, the Au plating layer, prevents the Ag in the lowest
layer from depositing in solder when the end-face electrodes
3 are soldered to the soldered lands of the motherboard (not
shown).

As shown in FIG. 1, legs 2a are bent and formed at side
surfaces of the shielding cover 2, and are soldered to
end-face electrodes 3, thereby electrically connecting the
shield cover 2 to the grounding electrodes (GND) to form an
assembled electronic-circuit unit in which the shielding
cover 2 is mounted to the alumina board 1. The shielding
cover 2 is grounded at the four corners of the alumina board
1.

In the circuit devices described above, the capacitors C1
to C7 are formed by laminating lower electrodes, dielectric
films such as SiO,, and upper electrodes together. They are
formed as thin films by sputtering or other methods. Cu
layers are formed on the surfaces of the upper layers to
increase Q of the resonant circuit. The lower electrodes and
the upper electrodes of the capacitors C1 to C7 are con-
nected to electrically conductive patterns P. As shown in
FIG. 2, discharging proximity sections (air gaps) G are
provided on the electrically conductive patterns P between
the capacitor C7 and the Vcce electrode, between the capaci-
tor C7 and the RFout electrode, and between the capacitor
C2 and the Vctl electrode. These proximity sections G each
are formed of a pair of protrusions on electrically conductive
patterns P that are parallel to and facing each other. The tips
of the protrusions oppose each other with a predetermined
gap disposed therebetween. In this case, since a thin-film
technology provides high dimensional precision for the
electrically conductive patterns P and the GND electrodes,
the gap distances of the proximity sections G can be nar-
rowed. Discharging is therefore allowed at lower voltages.
Among the capacitors C1 to C7, the capacitors C1 and C3
to C5 have simple rectangular shapes. The capacitors C2 and
C7 have different shapes in which two or more rectangular
shapes are combined. More specifically, the capacitor C2 has
a U-like shape in which two rectangles protrude from a side
of one rectangle. The capacitor C7 has a shape in which
three rectangles are connected and shifted in a long-side
direction. The capacitors C2 and C7 are grounding capaci-
tors that require relatively large capacitances. When the
grounding capacitors C2 and C7 have such shapes, the
limited space on the alumina board 1 is effectively used, and
capacitors having desired capacitances can be mounted at
higher densities.

Among the capacitors C1 to C7, the capacitor C6 is
formed of two grounding capacitors having different sizes,
which are connected in parallel through a pair of electrically
conductive patterns separated from each other. More
specifically, as shown in FIG. 2, one electrode section of
each of both grounding capacitors is connected to a ground-

10

15

20

25

30

35

40

45

50

55

60

65

6

ing electrically conductive pattern P connected to GND
electrodes, and the other electrode section is connected to a
connection land SL of the transistor Trl through one of two
electrically conductive patterns P separated from each other.
Since it is clear from FIG. 4 that the capacitor C6 is formed
between the emitter of the transistor Trl and the ground, and
that the emitter electrode of the transistor Tr1 is wire-bonded
to the connection land SL, the capacitance of the capacitor
C6 is specified by the two grounding capacitors connected in
parallel through electrically conductive patterns P that are
separated from each other. Therefore, the inductance of the
electrically conductive pattern P disposed from the emitter
electrode of the transistor Trl to the ground through the
capacitor C6 is reduced, and the grounding effect for the
connection land SL is enhanced due to the grounding
capacitors. In addition, since the frequency of a parasitic
oscillation caused by each grounding capacitor and each
electrically conductive pattern P increases, when the fre-
quency is set so as to be equal to or higher than the
operating-point frequency of the transistor Trl, parasitic
oscillations are eliminated.

The resistors R1 to R3 are made, for example, from
resistor films such as TaSiO, by using a thin-film technology
such as sputtering. Dielectric films such as SiO, are formed
on the surfaces thereof as required. As shown in FIG. 2, the
resistors R1 and R2 are formed in parallel as thin films at
positions close to each other on the alumina board 1. The
resistor R3 is formed as a thin film at a position distant from
those of the resistors R1 and R2. Since the resistors R1 and
R2 are formed at close positions, even if the resistance of the
resistor R1 and that of the resistor R2 are shifted from
desired values, the rate of dispersion is set equal between
both resistors R1 and R2. It is clear from FIG. 4 that the
resistors R1 and R2 are base-bias voltage-dividing resistors
for the transistor Trl. A voltage of VeexR1AR1+R2) is
applied to the base of the transistor Trl. Since the rate of
dispersion is always set equal between the resistors R1 and
R2, which serve as base-bias voltage-dividing resistors,
trimming is not required for the resistances of the resistors
R1 and R2. The resistor R3 serves as the emitter resistance
of the transistor Trl. A current flows from the Vce electrode
through the collector and the emitter of the transistor Trl,
and further through the resistor R3 to the ground. Since the
resistor R3, serving as the emitter resistor, most contributes
to the degree of amplification of the transistor Trl among the
resistors R1 to R3, only the resistor R3 is trimmed so as to
make the current constant for output adjustment.

In a case in which a transistor Tr2 is connected in series
to the transistor Trl, as shown in FIG. 9, with resistors R1,
R2, and R4 serving as base-bias voltage-dividing resistors
for both transistors Trl and Tr2 formed as thin films at
positions close to each other on the alumina board 1, it is
unnecessary to trim the resistors R1, R2, and R4 for their
resistances. Therefore, in this case, currents flowing through
both transistors Trl and Tr2 are specified by likewise
trimming only the resistor R3 serving as the emitter resistor.

The inductive devices L1 to L3 and the electrically
conductive paths S1 and S2 are made from Cr or Cu formed
by using a thin-film technology, such as sputtering, and are
connected to electrically conductive patterns P. Cu layers are
formed on the surfaces of the inductive devices L1 to L3 to
increase Q in the resonant circuit. The inductive devices L1
and L.2 are formed in rectangular spiral shapes, and are wire
bonded to the Vctl electrode and a grounding electrically
conductive pattern P at ends. The inductive device .2 is used
for specifying a rough resonant frequency, and the inductive
device L3 is connected to the other end of the inductive
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device 1.2. The inductive device L3 is used for adjusting the
resonant frequency. As indicated by a dotted line in FIG. 2,
when the inductive device L3 is trimmed, the number of
turns of the inductive device 1.2 is increased to adjust the
resonant frequency. In this case, when the width of the
conductor of the trimmed inductive device L3 is made equal
to that of the conductor of the inductive device L2, which is
used for setting the resonant frequency, the inductive device
L2 and the inductive device L3 have the same characteristic
impedance.

As described above, the unbalance/balance transforming
device T is an inductive device formed of a pair of electri-
cally conductive paths S1 and S2 coupled with each other,
and the electrically conductive paths S1 and S2 are formed
on the alumina board 1 as thin films. These electrically
conductive paths S1 and S2 are formed in a spiral shape so
that they oppose each other through a predetermined gap.
Both ends of the electrically conductive path S1 are con-
nected to the collector electrode of the transistor Trl and an
electrically conductive pattern P connected to the capacitor
C7. Both ends of the electrically conductive path S2 are
connected to a pair of RFout electrodes. In this case, since
the dimensional precision of the electrically conductive
paths S1 and S2, which are formed as thin films, is high, the
gap between both electrically conductive paths S1 and S2 is
narrowed to ensure a desired coupling degree. A compact
unbalance/balance transforming device T can therefore be
disposed in a limited space on the alumina board 1. As
shown in FIG. 10, a pair of electrically conductive paths S1
and S2 opposing each other through a predetermined gap
may also be formed in a jig-jag manner on the alumina board
1.

The diode D1 and the transistor Trl are formed by
mounting semiconductor bare chips on connection lands of
electrically conductive patterns P formed on the alumina
board 1 as thin films and by wire-bonding them to electri-
cally conductive patterns P. As shown in FIG. 2, the semi-
conductor bare chip of the diode D1 has a rectangular shape.
One electrode disposed at a lower surface thereof is secured
to a connection land by using electrically conductive
adhesive, such as solder cream or electrically conductive
paste, and the other electrode disposed at an upper surface
of the semiconductor bare chip is wire-bonded to a prede-
termined portion of an electrically conductive pattern P. The
semiconductor bare chip of the transistor Trl also has a
rectangular shape. A collector electrode disposed at a lower
surface thereof is secured to a connection land by using
electrically conductive adhesive, and a base electrode and an
emitter electrode are wire-bonded to predetermined portions
of electrically conductive patterns P. Like the end-face
electrodes 3 described above, these connection lands are also
sequentially covered by Ni underplating layers and Au
plating layers.

As shown in FIG. 7A and FIG. 7B, a connection land 5
has a smaller area than a semiconductor bare chip 4. With
this structure, a space for accommodating extra electrically
conductive adhesive is made below the semiconductor bare
chip 4. Therefore, extra electrically conductive adhesive is
prevented from sticking out from the semiconductor bare
chip 4, which can cause a short-circuit with surrounding
electrically conductive patterns P. In addition, an opening 5a
is provided inside the connection land 5 to accommodate
extra electrically conductive adhesive to positively prevent
the adhesive from sticking out from the semiconductor bare
chip 4.

The manufacturing processes of the electronic-circuit unit
configured as described above will be described below with
reference to FIGS. 8A through 8J.
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As shown in FIG. 8A, TaSiO, or an equivalent is applied
to the whole surface of the alumina board 1 by sputtering,
and then it is etched so as to have a desired shape to form
a resistor film 6 corresponding to the resistors R1 to R3.
Then, as shown in FIG. 8B, Cr or Cu is applied by sputtering
on to the resistor film 6, and it is then etched so as to have
a desired shape to form lower electrodes 7. Next, as shown
in FIG. 8C, SiO, or an equivalent is applied to the lower
electrodes 7 by sputtering, and it is then etched so as to have
a desired shape to form dielectric films 8. Then, as shown in
FIG. 8D, Cr or Cu is applied by sputtering on the dielectric
films 8, and it is then etched so as to have a desired shape
to form upper electrodes 9.

As a result, the portions corresponding to the electrically
conductive patterns P, the inductive devices L1 to L3, and
the electrically conductive paths S1 and S2 are formed by
lower electrodes 7 and upper electrodes 9, and those corre-
sponding to the capacitors C1 to C7 are formed by the
laminated members of lower electrodes 7, dielectric films 8,
and upper electrodes 9. Then, Cu layers are formed on the
portions corresponding to the inductive devices L1 to 1.3, the
electrically conductive paths S1 and S2, and the capacitors
C1 to C7 by plating or by a thin-film technology.

Next, as shown in FIG. 8E, protection films 10 are formed
on the portions other than the electrically conductive pat-
terns P. Then, as shown in FIG. 8F, Cu or Cr is applied to the
whole rear surface of the alumina board 1 by sputtering, and
then it is etched so as to have a desired shape to form
rear-surface electrodes 11 corresponding to the electrically
conductive patterns P1 on the rear surface.

The processes shown in FIG. 8A to FIG. 8F described
above, are applied to a large printed circuit board made from
alumina, in which division grooves extending horizontally
and vertically in a lattice manner are engraved. Processes
shown in FIG. 8G to FIG. 8], described next, are applied to
strip-shaped pieces obtained by dividing the large printed
circuit board along division grooves in one direction.

After the large printed circuit board is divided into strip-
shaped pieces, Ag layers 12 are formed as thick films at both
end faces of each alumina board 1, as shown in FIG. 8G, to
electrically connect the grounding electrodes (GND), the
input electrodes (Vec, Vetl, RFin), and the output electrodes
(RFout) to the corresponding-type electrodes, and form the
electrically conductive patterns P and P1 on both surfaces of
the alumina board 1. The Ag layers 12 correspond to the Ag
thick-film layers of the end-face electrodes 3, described
above, and are made from a low-temperature baked material
formed of Ag paste not including a glass component. As
described above, the process for forming the Ag thick-film
layers 12 is applied to one strip-shaped piece. If a plurality
of strip-shaped pieces are stacked with slight gaps being
disposed between them, the Ag layers 12 can be formed at
the same time on the plurality of strip-shaped pieces.

Next, Ni underplating layers and Au layers are plated in
that order on surfaces of the Ag layers 12 and on those
connection lands on which semiconductor bare chips are to
be mounted. Then, as shown in FIG. 8H, the semiconductor
bare chips for the diode D1 and the transistor Tr1 are secured
to the connection lands with the use of electrically conduc-
tive adhesive, such as solder cream or electrically conduc-
tive paste. In this case, as described above, since the
connection lands have smaller areas than the lower surfaces
of the semiconductor bare chips, the electrically conductive
adhesive is prevented from sticking out from the semicon-
ductor bare chips. This ensures that the electrically conduc-
tive adhesive is not short-circuited with any electrically
conductive patterns P formed around the semiconductor bare
chips.
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Next, as shown in FIG. 81, each semiconductor bare chip
is wire-bonded to predetermined portions of electrically
conductive patterns P. Then, as shown in FIG. 8], the resistor
R3, serving as an emitter resistor, is trimmed to adjust the
output, and the inductive device 1.3, serving as an adjust-
ment electrically conductive pattern, is trimmed to adjust the
resonant frequency. In this case, the resonant frequency is
adjusted in a state in which each alumina board 1 has not yet
been separately formed, namely, while still in a strip-shaped
piece. Since grounding electrodes (GND) are provided at the
corners of each alumina board 1, grounding electrodes
(GND) are always disposed between the input electrodes
(Vee, Vetl, RFin) and the output electrodes (RFout) of one
alumina board 1, and those of an adjacent alumina printed
circuit board 1, the adjustment of the resonant frequency is
prevented from adversely affecting the circuit of an adjacent
alumina board 1.

Then, the shielding cover 2 is mounted to each alumina
board 1 in a strip-shaped piece, the legs 2a of the shielding
cover 2 are soldered to end-face electrodes 3 electrically
connecting to grounding electrodes (GND), and the strip-
shaped piece is further divided along the transverse division
grooves to obtain the electronic-circuit unit as shown in FIG.
1.

According to the above embodiment of the electronic-
circuit unit configured as described above, since the circuit
elements, such as the capacitors C1 to C7, the resistors R1
to R3, the inductive devices L1 to L3, and the electrically
conductive paths S1 and S2, and the electrically conductive
patterns P connected to the circuit elements are formed on
the alumina board 1 as thin films; the semiconductor bare
chips for the diode D1 and the transistor Trl are wire-bonded
on the alumina board 1; and the end-face electrodes 3
connected to the grounding electrodes, the input electrodes,
and the output electrodes of electrically conductive patterns
are formed at side faces of the alumina board 1, the required
circuit elements are mounted on the alumina board 1 in a
high-density condition by the use of a thin-film technology
and wire bonding of the semiconductor chips to form a
compact surface-mounting-type electronic-circuit unit. In
addition, since Cu layers are formed on surfaces of the
capacitors C1 to C7, the inductive devices L1 to 1.3, and the
electrically conductive paths S1 and S2, which are formed as
thin films, the resonant circuit has an increased Q.

Since the end-face electrodes 3 are formed as thick films
by a low-temperature baked material, they have a desired
film thickness and are formed efficiently in terms of space.
In addition, the circuit elements, such as capacitors and
resistors, which are formed as thin films, are prevented from
being burned out during the baking process for forming the
end-face electrodes 3. Further, since the Au plating layers
are formed in the end-face electrodes 3 which have been
formed as thick films, Ag in the low-temperature baked
material is prevented from depositing in solder (namely, a
silver-being-eaten phenomenon is prevented) when the end-
face electrodes are soldered to soldered lands of the moth-
erboard. Furthermore, since the end-face electrodes 3 are
formed as thick films only at two opposing sides of the
alumina board 1, after a large printed circuit board is divided
into strip-shaped pieces, end-face electrodes 3 can be formed
as thick films at the same time on mulitple strip-shaped
pieces of the alumina boards 1 simultaneously, thereby
facilitating mass production.

Since grounding electrodes (GND) are formed at the ends
of two opposing sides of the alumina board 1, and the input
electrodes (Vce, Vetl, RFin) and the output electrodes
(RFout) are disposed between the grounding electrodes,
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even when various adjustments and inspections are per-
formed during a semi-production condition, namely, in a
strip-shaped-piece condition (which is obtained by dividing
a large printed circuit board), the adjustments and inspec-
tions give no adverse effects on the circuits of adjacent
alumina boards in the strip-shaped piece. Various adjust-
ments are therefore easily performed. In addition, since the
legs 2a of the shielding cover 2 are soldered to the grounding
electrodes disposed at the four corners of the alumina board
1, the electronic-circuit unit has a high shielding effect.

Since the circuit elements, including the capacitors, the
resistors, the inductive devices, and the electrically conduc-
tive patterns connected to the circuit elements are formed on
the alumina board as thin films; the semiconductor bare
chips mounted on the alumina board are wire-bonded to
electrically conductive patterns; and the end-face electrodes
connected to electrically conductive patterns are formed at
side faces of the alumina board as thick films by the use of
a low-temperature baked material, the required circuit ele-
ments are mounted on the alumina board in a high-density
condition to form a compact surface-mounting-type
electronic-circuit unit. In addition, since the end-face elec-
trodes are formed as thick films by the use of a low-
temperature baked material, they have a desired film thick-
ness and are formed efficiently in terms of space. The circuit
elements, which are formed as thin films, are prevented from
being burned out during the baking process for forming the
end-face electrodes.

Since grounding electrodes are formed at the ends of two
sides facing each other of the alumina board, and the input
electrodes and the output electrodes are disposed away from
the ends, the required circuit elements are mounted on the
alumina board in a high-density condition to form the
compact surface-mounting-type electronic-circuit unit. In
addition, even when various adjustments and inspections are
performed during a semi-production condition, namely, in a
strip-shaped-piece condition (which is obtained by dividing
a large printed circuit board), the grounding electrodes
eliminate adverse effects on the circuits of adjacent alumina
boards.

What is claimed is:

1. An electronic-circuit unit comprising:

an alumina board having a planar surface and at least one

side face formed perpendicular to the surface;

circuit elements, comprising a capacitor, a resistor, and an

inductive device, formed as thin films on the surface of
the alumina board;

an electrically conductive pattern connected to a circuit

element, formed as a thin film on the surface of the
alumina board;

a semiconductor bare chip mounted on the surface of the

alumina board; and

an end-face electrode connected to the electrically con-

ductive pattern, the end-face electrode being formed on
the side face of the alumina board,

wherein the semiconductor bare chip is wire-bonded to

the electrically conductive pattern.

2. An electronic-circuit unit according to claim 1, wherein
a Cu layer is formed on a surface of the capacitor and the
inductive device.

3. An electronic-circuit unit according to claim 1, wherein
the end-face electrode comprises a thick film by formed by
the use of a low-temperature baked material.

4. An electronic-circuit unit according to claim 3, wherein
an Au plating layer is formed on the end-face electrode.

5. An electronic-circuit unit according to claim 3, further
comprising a plurality of end-face electrodes, wherein the
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surface of the alumina board has a generally rectangular
shape bounded by four side faces formed perpendicular to
the surface, and the end-face electrodes are each formed as
a thick film on only two of the four side faces, the two side
faces being disposed along opposite edges of the surface of
the alumina board.

6. An electronic-circuit unit according to claim 4, further
comprising a plurality of end-face electrodes, wherein the
surface of the alumina board has a generally rectangular
shape bounded by four side faces formed perpendicular to
the surface, and the end-face electrodes are each formed as
a thick film on only two of the four side faces, the two side
faces being disposed along opposite edges of the surface of
the alumina board.

7. An electronic-circuit unit comprising:

circuit element comprising a capacitor, a resistor, and an

inductive device, formed as thin films on a surface of
an alumina board having a rectangular, plane shape;

a semiconductor bare chip wire-bonded on the surface of

the alumina board;
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grounding electrodes formed near each of the two oppos-
ing side faces of the alumina board, the side faces being
perpendicular to the surface of the alumina board; and

an input electrode and an output electrode formed along
either of the side faces of the alumina board, the input
electrode and the output electrode each being formed
between the two grounding electrodes formed near
each of the side faces,

wherein the grounding electrodes, the input electrode and
the output electrode each comprise and end face elec-
trode formed on the side faces of the alumina board.

8. An electronic-circuit unit according to claim 7,

wherein a shielding cover is mounted to the alumina
board so as to cover the circuit elements and the
semiconductor bare chip, the shielding cover being
soldered to the grounding electrodes.

#* #* #* #* #*
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